United States Patent [
Yukinobu et al.

i

[54] TRANSPARENT CONDUCTIVE SUBSTRATE

Masaya Yukinobu; Munekazu
Kawata, both of Nithama: Yasuo
Tsukui, Nasu, all of Japan

(751 Inventors:

[73] Assignees: Sumitomo Metal Mining Co., Ltd.;
- Tohokn Chemical Industries, Co.,
Ltd., both of Tokyo, Japan

[21] Appl. No.: 21,338

[22] Filed: Feb. 23, 1993
[30] Foreign Application Priority Data
Feb. 27, 1692 [JP]  Japan .cececrerieeececeeenns 4041275
Apr. 9, 1992 [JP]  Japan ..cccceccvvmneenrcniecncnnnees 4-088980
Sep. 21, 1992 [JP]  Japan .cccceeoerecnecieieeene 4-251515
Sep. 21, 1992 [JP]  Japan ....cccecmeremrecrvennanne. 4-251516
[ST] Imf. CLS e B32B 35/16
[52] US. Cl e ceeees 428/212; 252/518;
428/328; 428/697; 428/702; 428/913
[58] Field of Search ............... 428/328, 697, 702, 913,

428/212: 252/518

TRANSPARENT COATING LAYER
WHICH IS SPARSELY FILLED
BY ITO ULTRA-FINE PARTICLES.

TRANSPARENT
CONDUCTIVE LAYER

(WHICH 1S DH_NISELY )
FILLED BY ITO
- \ULTRA-FINE PARTICLES.

TRANSPARENT
?H\E/R)EOAT LAYER

W 0 O PR R AR

US003411792A
[11] Patent Number: 5,411,792
[45] Date of Patent: May 2, 1995
156] References Cited
U.S. PATENT DOCUMENTS
4,345,000 8/1982 Kawazoeetal. ................... 428/212
4,399,194 8/1983 Zelez et al. .ouurrevrrieeeirruannnns 428/457
4,559,165 12/1985 Kohimiller et al. ............... 252/512
4,842,703 6/1989 Mueller .eeveiveiennnn... 204/192.29
4977,013 1271990 Ritchie et al. .oovrvervncevrnnnnnen 428/212
5,110,637 5/1992 Andoetal. .verviineiiinnniin 428/34
5,140,450 &/1992 Nikaldo .ceeveveveeeeeerecerennnne. 428/1 X
5,147,688 G/1992 Melas .oveeervecrvrrinrrernnennen. 427/233.3
5,225,273 7/1993 Mikoshiba et al. ................. 423/323

Primary Examiner—D. S. Nakarani
Assistant Examiner—H. Thi Le
Attorney, Agent, or Firm—Graham & James

[57) ABSTRACT

A transparent conductive substrate comprising a base
plate member allowing transmission therethrough of
visible light, a transparent overcoat layer formed on the
base plate member, and a transparent conductive film
which is formed on the overcoat layer, containing ultra-
fine particles of indium-tin oxide having a particle size
of 0.1 um or smaller, having light transmittance of 70%
or higher and exhibiting surface resistance of 200 /L
or lower. This transparent conductive substrate has low
surface resistance and excellient opfical characteristics.

4 Claims, 4 Drawing Sheets
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1
TRANSPARENT CONDUCTIVE SUBSTRATE

BACKGROUND OF THE INVENTION

a) Field of the Invention

The present invention relates to a transparent con-
ductive substrate which is to be used as a transparent
electrode or the like for touch panels, liquid crystal
display devices, electroluminescent display elements,
etc., and a method of making the transparent conduc-
tive substrate.

b) Description of the Prior Art

Transparent conductive layers are obtained generally
by forming films of oxides such as indium-tin-oxide
(ITO) and tin-antimony-oxide (ATO) on glass and plas-
tic films by the sputtering method or the CVD method.
However, these methods require expensive equipment
and can not provide high productivity or high yield,
thereby hardly permitting manufacturing of the trans-
parent conductive layers at low costs and being not
suited to manufacturing of transparent conductive lay-
ers having large areas.

For this reason, it has conventionally been carried out
to form, on substrates, transparent conductive circuits
by printing and setting conductive patterns of a trans-

parent conductive ink which contains ultra-fine parti-
cles having a particle size smaller than the wavelength

of visible light.

This ink contains the ultra-fine conductive particles
as a filler and a resin such as thermoplastic resin, ther-
mosetting resin or ultraviolet-setting resin as a binder as
well as a solvent and a small amount of additives as
dispersing agent etc. When the patterns of the transpar-
ent conductive ink printed on the glass film or the plas-
tic film are set (by drying, heating or ultraviolet irradia-
tion), the ultra-fine conductive particles adopted as the
filler are brought into contact with one another and
fixed in this condition with the resin used as the binder,
thereby forming a conductive coating film. If the resin
selected as the binder is used in too large an amount, the
resin 1s interposed among the filler particles and hinders
mutual contact of the particles, thereby resulting in
enhancement of the surface resistance. If the resin is
used 1n oo small an amount, on the other hand, the filler
particles are brought into close contact with one an-
other and the surface resistance is low, but gaps remain
among the filler particles and constitute a cause for light
scattering, thereby lowering transmittance or degrading
optical performance of the coating, enhancing a haze
value and lowering strength of the film as well as adhe-
sive force of the film to a substrate. Therefore, the resin
as the binder should be used in an optimum amount.
However, when an attempt is made to lower the surface
resistance, for example, the haze value of the coating
will be enhanced to such a degree as to degrade the
optical performance of the film, whereby the conven-
tional printing method was incapable of satisfying the
two requirements of the low surface resistance and
favorable optical performance.

Further, there is also known another method of form-
ing a transparent conductive layer by coating a sub-
strate made of glass or the similar material with an ink
containing ultra-fine ITO particles and calcining the
ink.

This method allows the ultra-fine ITO particles to be
calcined at a high temperature and can provide surface
resistance of a film which is far lower than that of the
film prepared by the method which comprises the step
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to coat the substrate at the normal temperature with the
ink containing the ultra-fine ITO particles. However,
the method utilizing the calcination at the high tempera-
ture does not permit using a film made of a plastic mate-
rial such as polyester as a base plate member and allows
gaps to remain among the ultra-fine ITO particles,
thereby posing, like the printing method, a problem
related to optical performance of transparent conduc-
tive layers.

SUMMARY OF THE INVENTION

An object of the present invention is to provide a
transparent conductive substrate which has low surface
resistance and excellent optical performance and a
method of making this transparent conductive sub-
strate.

Another object of the present invention is to provide
a method which permits manufacturing, at a low cost, a
transparent conductive substrate having a large area
and being excellent in surface smoothness thereof.

In order to attain the objects described above, the
transparent conductive substrate according to the pres-
ent mvention comprises a light transmitting base plate
member, an overcoat layer formed on the base plate

member, and a transparent conductive film which is
formed on the overcoat layer. The transparent conduc-

‘tive film contains ultra-fine particles of indium-tin-oxide

(hereinafter referred to as ITO) having a particle size of
0.1 pm or smaller and has specific resistance of
5X10—2 Q.cm or lower. The transparent conductive
tilm may contain the ultra-fine ITO particles having the
particle size of 0.1 pm or smaller and may have light
transmittance of 70% or higher and surface resistance of
200 /11 or lower.

The method of manufacturing the transparent con-
ductive substrate according to the present invention
comprises a first step to print or apply patterns of a
transparent conductive ink on a base board, and dry and
calcine the ink so as to form a transparent conductive
film, a second step to apply an overcoat liquid onto the
transparent conductive film obtained at the first step, a
third step to bond the base board to a light transmitting
base plate member with the overcoat liquid or a trans-
parent bonding agent in a condition where the overcoat
layer i1s opposed to the base plate member, and set the
overcoat layer and/or the bonding agent, and a fourth
step to peel off the base board from the base plate mem-
ber so as to offset the overcoat layer and the transparent
conductive film to the base plate member. For the calci-
nation, a temperature is selected at an adequate level
within a range from 300° to 800° taking heat-resistance
property of the base board into consideration.

In the method according to the present invention, the
overcoat layer may be set immediately after the base
board 1s bonded to the base plate member and they may
be heated at the third step, and the fourth step may be
replaced with another step to remove at least a portion
of the base board by dissolving or swelling so as to
allow the transparent conductive film to remain on the
base plate member.

Another method of making the transparent conduc-
tive substrate according to the present invention com-
prises a first step to form, on a base board, a coating
layer which contains ultra-fine particles formed of a
conductive oxide and has thickness of 0.5 um or
smaller, a second step to print patterns of a transparent
conductive ink on the coating layer or apply the ink to
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the coating layer, dry and roll the ink with a steel roller,
and calcine the transparent conductive ink so as to form
a transparent conductive film over the coating layer, a
third step to apply a transparent overcoat liquid to the
transparent conductive film so as to form a transparent
overcoat layer on the transparent conductive film, a
fourth step to bond the base board to a light transmitting
base plate member with an overcoat liquid or a trans-
parent bonding agent in a condition where the overcoat
layer 1s opposed to the base plate member, and then set
the overcoat layer and/or bonding agent, and a fifth
step to peel off the base board from the base plate mem-
ber so as to ofiset the overcoat layer and the transparent
conductive film.

In the method according to the present invention, the
coating layer may be formed by applying the transpar-
ent conductive ink on the base board or thermally treat-
ing the transparent conductive ink in an inert gas atmo-
sphere after the ink is applied to the base board.

A still further method of making the transparent con-
ductive substrate according to the present invention
comprises a first step to apply patterns of a transparent
conductive 1k on a base board or thermally treat the
transparent conductive ink in an inert gas atmosphere
after the ink is applied on the base board so as to form,
on the base board, a coating layer which consists of the
transparent conductive ink and has thickness of 0.5 um
or smaller, a second step to print patterns of the trans-
parent conductive ink or apply the ink onto the coating
layer, dry and calcine the ink so as to form a transparent
conductive film over the coating layer, a third step to
apply a transparent overcoat liquid on the transparent
conductive film so as to form a transparent overcoat
layer on the transparent conductive film, a fourth step
to bond the base board to a light transmitting base plate
member with the overcoat liquid or a bonding agent in
a condition where the overcoat layer is opposed to the
base plate member, and set the overcoat layer and/or
the bonding agent, and a fifth step to peel off the base
board from the base plate member so as to offset the
overcoat layer and the transparent conductive film to
the base plate member.

In the method according to the present invention, the
step to apply the patterns of the transparent conductive
ink on the base board or thermally treat the transparent
conductive ink in the inert gas atmosphere after the ink
is applied on the base board may be replaced with an-
other step to apply a coating liquid consisting of a resin
and a solvent or thermally treat the coating liquid con-
sisting of the resin and the solvent in an inert gas atmo-
sphere after the coating liquid is applied on the base
board.

In a preferred formation of the present invention, the
base board is a glass plate, a ceramic plate, a metal plate,
a metal roll, a plastic plate or a plastic roll, the transpar-
ent conductive ink consists of ultra-fine ITO particles
and a solvent containing dissolved ultra-fine ITO parti-
cles and a resin, the overcoat liquid and the bonding
agent consist of solutions of ultraviolet-setting resins or
thermosetting resins, the base plate member is made of
a plastic or glass material, the calcination is carried out
at a temperature selected within a range from 300° C. to
800° C. and then at a temperature selected within a
range from 300° C. to 800° C. in an inert gas atmosphere
or at a temperature within a range from 300° C. to 800°
C. only 1n a inert gas atmosphere, and any one of hydra-
zine, hydrazine hydrate, a mixture of hydrazine and
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diamine and a mixture of hydrazine hydrate and di-
amine 1s used for dissolving or swelling the base board.

Since the smoothness on the surface of the transpar-
ent conductive film of the transparent conductive sub-
strate according to the present invention is determined
by the surface smoothness of a base board, the height of
irregularities on the surface of the transparent conduc-
tive film can be limited below 0.5 um, especially below
0.2 um, by using a smooth base board. (The transparent
conductive film obtained by the conventional printing
method has irregularities of 2 to 5 um in height.) The
pattern of the transparent conductive ink on the base
board i1s printed by the screen printing method, the
gravure printing method or the similar method,
whereas the wire bar coating method, the doctor blade
coating method, the roller coating method or the similar
method is used for applying the transparent conductive
ink on the base board. The ultra-fine conductive parti-
cles, which are used in a large amount as the filler in the
transparent conductive ink for lowering the surface
resistance of the transparent conductive film, bring
about a result that the transparent conductive film is
made porous or optical performance thereof is de-
graded. However, since the transparent conductive film
is coated with the overcoat liquid which consists of a
resin and a solvent, the gaps existing among the ultra-
fine I'TO particles in the film are filled with the resin
contained in the overcoat liquid, whereby the light
scattering due to the gaps is prevented and the optical
performance of the film is remarkably improved. For
example, the light transmittance is enhanced from
78 ~81% to approximately 80~83% and a haze value
10 to 12% 1s lowered to 3 to 5% by the coating of the
overcoat Liquid.

Further, the method according to the present inven-
tion allows a conductive surface consisting of the ultra-
fine ITO particles to be exposed on the surface of the
transparent conductive film so as to keep surface resis-
tance of the transparent conductive film unchanged
since the method comprises the step to peel off the base
board from the base plate member or remove the base
board by dissolving or swelling after the base board
which has the transparent conductive film and the over-
coat layer laminated thereon is bonded to the base plate
member. The transparent conductive substrate pre-
pared by the method according to the present invention
has optical performance which is remarkably improved
by the overcoat layer and a resistance value on the
order of 100 Q/L1 which is obtained owing to the calci-
nation of the ultra-fine particles at the high temperature
and unavailable with the conventional printing method,
whereby the transparent conductive substrate can satisfy
both the requirements for optical performance and re-
sistance characteristic at the same time.

These and other objects as well as the features and the
advantages of the present invention will become appar-
ent from the following detailed description of the pre-
ferred embodiments and the appended claims.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1A 1s a diagram illustrating the structure of first
embodiment of the transparent conductive substrate
according to the present invention;

FIG. 1B is a diagram illustrating the structure of the
conventional transparent conductive substrate;

FIG. 2 1s a transmission electron micrograph illustrat-
ing details of the structure of second embodiment of the
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transparent conductive substrate according to the pres-
ent invention;

FI1G. 3 15 a diagram illustrating details of the structure
of fifteenth embodiment of the transparent conductive
substrate according to the present invention; and

FIG. 4 15 a transmission electron micrograph illustrat-
ing details of the structure of twenty-third embodiment
of the transparent conductive substrate according to the
present invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

First Embodiment

An I'TO dispersion which was prepared by dispersing
ultra-fine ITO particles having a particle size of 0.03 pm
(DX-101 prepared by Tohoku Chemical Industries, Co.,
Ltd.) was applied to a polyimide film (Kapton 300K, 75
pm thick prepared by Toray Du Pont Co., Ltd.)
adopted as a base board by using a wire bar having a
diameter of 0.1 mm and dried. The polyimide film
coated with the ITO dispersion was heated in air at 400°
for 30 minutes and then calcined in a nitrogen atmo-
sphere for 25 minutes. Then, the polyimide film was
coated with overcoat liquid 1 containing a ultraviolet-
setting resin (see Table 1) by the doctor blade method
until wet film thickness became 50 um and hit by ultra-
violet ray at approximately 80° for 10 minutes so as to
volatilize the solvent. The polyimide film adopted as the
base board was bonded to a PET f{ilm selected as a base
plate member (Tetron HP-7, 100 um thick and treated
with a primer; prepared by Teijin, Ltd.) by the follow-
Ing manner. That is to say, this bonding was carried out
by applying on the base board or the base plate member
a linear pressure of 2 kgf/cm with a steel roller. After

the bonding, the ultraviolet-setting resin was set by
irradiating for 15 seconds on the bonded base board and

base plate member with ultraviolet light at an intensity
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of 150 mW/cm? emitted from a metal halide lamp for

joining the base plate member to the base board. After
this, the base board was peeled off to offset the ITO
conductive layer to the base plate member and a trans-
parent conductive substrate was manufactured. The
equipment used for irradiating the ultraviolet light con-
sisted of Metal Halide Lamp MO01-L.212, Irradiator
(cold mirror type) UE011-201C, Power Source Unit
UB01.51-3A/BM-E2 and a heat ray cutoff filter which
were prepared by Eye Graphics Co., Ltd.

As an example for comparison with the transparent
conductive substrate obtained by the offsetting, pre-
pared was another transparent conductive substrate
which was manufactured simply by printing and drying
patterns of the transparent conductive ink on the base
board without coating the overcoat layer thereon.
ILight transmittance, haze values and surface resistance
values of both the transparent conductive substrates
were measured. Results of the measurements are sum-
marized in Table 2. Measurements of surface roughness
of the transparent conductive substrates mentioned
above indicated surface irregularities smaller than 0.2
wm. For obtaining the results listed in Table 2, Direct
Readout Haze Computer HGM-ZDP prepared by Suga
Testing Machine K. K. was adopted for measuring light
transmittance, taken as an average of transmittance at
wavelengths varying over the visible spectrum, and
haze values of the transparent conductive substrates and
the transparent conductive layers as well as those of the
base boards and the PET films used as the base plate
members, whereas the surface resistance values were
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6
measured with Loresta MCP-T400 prepared by Mit-
subisht Petrochemical Co., Ltd. Further, surface rough-
ness and film thickness were measured with Surface
Roughness Measuring Instrument Surfcom 900A pre-
pared by Tokyo Seimitsu Co., Ltd. Structures of the
transparent conductive substrate preferred as the first
embodiment and the conventional transparent conduc-

tive substrate prepared as the comparison example are
illustrated in FIG. 1A and FIG. 1B respectively.

Second Embodiment

A transparent conductive substrate was manufac-
tured in the same procedures as those of the first em-
bodiment, except for a step wherein a polyimide film
selected as a base board was coated, by the screen print-
ing method, with patterns each having a size of 5 cm X 5
cm and 3 pm thick of a transparent conductive ink
which was prepared by dispersing ultra-fine ITO parti-
cles having a particle size of 0.03 um in a liquid contain-
ing an acrylic resin dissolved in an organic solvent
(X-101 prepared by Tohoku Chemical Industries Co.,
1.td.). Light transmittance, a haze value and surface
resistance were measured by using the equipment men-
tioned in the first embodiment and are summarized in
Table 2. In the second embodiment wherein the surface
resistance has a value of 40 /00, as in Table § and
thickness of the transparent ink is 3 pm (3 X 10—4 cm)
specific resistance of the transparent conductive sub-
strate i1s calculated as 40 Q/0X3x10—4
cm=1.2X10—2 Q.cm. The structure of the transparent

conductive substrate according to this embodiment is as
shown in FIG. 2.

Third Embodiment

A transparent conductive substrate was manufac-
tured with the same materials, under the same condi-
tions and in the same procedures as those used for the
first embodiment, except for overcoat liquid 2 and a
Soda-Lime Glass Plate AS (1 mm thick, prepared by
Asahi Glass Co., Ltd.} which were used in place of the
overcoat liquid 1 and the PET film respectively. Light
transmittance, a haze value and surface resistance of this
transparent conductive substrate were measured with
the equipment used in the first embodiment and mea-
sured results are Iisted in Table 2.

Fourth Embodiment

A transparent conductive substrate was manufac-
tured by offsetting patterns of an ITO conductive film
which was calcined by the same process as that in the
first embodiment onto a PET film using overcoat liquid
3 (see Table 1). Light transmittance, a haze value and
surface resistance of the transparent conductive sub-
strate were measured with the measuring equipment
used 1n the first embodiment and measured results listed
in Table 2 were obtained.

Fitth Embodiment

To a polyimide film which was preliminarily ther-
mally treated in a mnitrogen atmosphere at 500° for 15
minutes for use as a base board, patterns of the ITO
dispersion (DX-101) were applied by using a wire bar
having a diameter of 0.1 mm, dried, and then calcined in
air at 400° for 30 minutes and successively in a nitrogen
gas atmosphere at 500° for 15 minutes. A transparent
conductive substrate was manufactured by offsetting
the patterns of calcined ITO dispersion onto a PET film
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which was treated with a primer and selected as a base
plate member in the same procedures as that used in the

8

TABLE 1-continued

first embodiment, and light transmittance, a haze value Pe;zent
and surface resistance of the transparent conductive  ging Composition weight
substrate were measured W}th the same equipment as 5 liquid 2 by Sumitomo Metal Mining Co., Ltd)
that used in the first embodiment. Obtained results are Sianoethy! cellulose 1.1
summarized in Table 2. Cyclohexane 94.5
_ . Coating  Ultra-fine ITO particles (UFP-HX prepared 6.3
Sixth Embodiment lignid 3 by Sumitomo Metal Mining Co., Ltd.)
. ] Cyanoresin (CR-S prepared by Shin-etsu 6.3
~After adding 2.5 g of tsophorone to 10 g of the ITO 10 Ciemica] InEjustry %Of 1td.) d
dispersion (DX-101) and diluting the dispersion, a trans- Cyclohexane 87.4
parent conductive substrate was manufactured by the C_foa%ng lﬂtga-ﬁr}e ITO }mecleg (UFP-HX prepared 5.0
same method adopted for the fourth embodiment. Light =~ "dwd 4 i*;ryul?:;‘;:;f etal Minng Co., Ltd.) 50
transmittance, a haze value and surface resistance of the Isophorone 90.0
transparent conductive substrate were measured with 15 Coating Cyanoresin (CR-S prepared by Shin-etsu 1.0
the same measuring equipment as that used in the first  liquid 5 ghe;mlfal Industry Co., Ltd.) 0.0
. . . yclohexane :
embodiment and summarized in Table 2. Coating  Cyanoresin (CR-S prepared by Shin-etsu 10.0
TABLE 1 liquid 6 Chemical Industry Co., Ltd.)
Cyclohexane 90.0
Percent
20
by
TABLE 2
Physical properties of transparent
conductive substrate _
Surface Light
Base plate resistance transmittance Haze value  Offset
Base board member (2/00 (%) (%) state
First Polyimide PET film Calcined film 85 Immeasurable Immersurable Favorable
embodiment film treated Offset film 20 82.6 2.6
with primer
Second Polyimide PET film Calcined film 30 Immeasurable Immeasurable Favorable
embodiment film treated Offset film 40 77.6 5.1
with primer
Third Polyimide  Glass plate Calcined film 80 Immeasurable Immeasurable Favorable
embodiment film Offset film 80 84.5 1.9
Fourth Polyimide PET film Calcined film 95 Immeasurable Immeasurable Favorable
embodiment film treated Offset film 95 82.4 2.8
with primer
Fifth Polyimide PET film Calcined film 50 Immeasurable  Immeasurable Favorable
embodiment film treated Offset film 50 80.5 2.5
{calcined with primer
in N7 at
500° C. for
{5 min.)
Sixth Polyimide PET film Czalcined film 100 Immeasurable Immeasurable Favorable
embodiment  film treated Offset film 110 84.5 2.4
with primer
Kind Composition weight
Overcoat Novolak vinyl ester resin 46.6 Seventh Embodiment
liquid 1  Trimethylolpropane triacrylate 11.7 _ _
2-hydroxy-2-methyl-1-phenyl-propanon-1 1.7 Patterns of the ITO dispersion (DX-101) were ap-
o t geth:i';ithylkitm;e | ig-g plied on a soda-lime glass plate (1 mm thick) selected as
VEIrcoa ovo viny1 ester resin . ' . - . .
liquid 2 Trimethylolpropane triacrylate 113 S0 the base boafrd by using a wire bar hfvmg a diameter of
2-hydroxy-2-methyl-1-phenyl-propanon-1 1.7 0:1 1m, c_lned at appr ozumate:ly 80° C., and th_en Ca_-l"
Organosilane (KBM-503 prepared by Shin- 1.7 cined 1n air at 550° C. for 30 minutes and successively in
;isihc?et?ﬁl :Hdustry Co., Ltd.) 0.0 a nitrogen gas atmosphere at 550° C. for 10 minutes.
ethylethylketone i . . ..
Overcoat Ultraviolet-setting resin (Koei Hard M-10] 50,0 Thg overcoat liquid 3 (_a soluthn consisting of §0% by
liquid 3  Kai 11 prepared by Koei Chemical Co., 55 weight of the ultravmlet—settmg resin (Koei Hard
Ltd.) M-101 Kai 11 prepared by Koei Chemical Co., Ltd.)
o %’ileth}*}e;hylketfme |  Hacd M.10 gg-g and 40% by weight of methylethylketone) was coated
Jvercoat  Ultraviolet-setting resin (Koei Hard M-101 ’ over the ITO dispersion until a wet film had thickness
liquid 4  prepared by Koei Chemical Co., Ltd.) o . s
Methylethylketone 40.0 of 50 um and heated at 120° for 10 minutes for volatili-
Overcoat Ultraviolet-setting resin (Koei Hard T-102 60.0 60 zation of a solvent. The base board was bonded to a
hiquid S ﬁmt; Ii’r;falied by Koet Chemical Co., Ltd.) 0.0 PET film used as the base plate member (100 um thick).
ethylethylketone . . . -
Bonding Thermosetting resin (Epikote 828 prepared 22 0 The bonding was carried ou’f by applying on the base
agent 1 by Yuka Shell Epoxy K.K.) board or the PET film and a linear pressure of 2 kgf/cm
Setting agent (Triethylenetetramine) 12.0 with a steel roller. After the bonding, the bonded assem-
Coating  Ultra-fine ITO particles (UFP-YX prepared 44 65 bly was heated to 120° C. as a whole and then immedi-
liquid 1 i}’cg‘;:;‘:_g Metal Mining Co., Ltd.) 1 ately the patterns were set by irradiating for 15 seconds
Isophorone 04.5 with ultraviolet light at an intensity of 150 mW/cm?
Coating  Ultra-fine ITO particles (UFF-YX prepared 4.4 emitted from a metal halide la.mp for jOiIliIlg the base
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plate member to the base board. After cooling the as-
sembly, the base board was peeled off to the offset the
ITO conductive layer to the base plate member and a
transparent conductive substrate was manufactured in
this way. Light transmittance, a haze value and surface
resistance of the transparent conductive substrate were
measured with the same measuring equipment as that
used 1n the first embodiment and obtained results are
summarized in Table 3.

Eighth Embodiment

A low-alkali glass plate AT (1 mm thick, prepared by
Asahi Glass Co., Ltd.) was selected as the base board.
After an ITO film was formed by the same process as

5

10

10

Comparison Example 1

A soda-lime glass plate (1 mm thick) and a PET film
(160 pm thick) were selected as the base board and the
base plate member respectively. After bonding the base
board to the base plate member through the same proce-
dures or steps as those used in the seventh embodiment,
a transparent conductive substrate was manufactured
by setting an overcoat layer at the normal temperature
without heating it to 120° for offsetting the ITO film.
Light transmittance, a haze value and surface resistance
of the transparent conductive substrate were measured
with the same equipment used in the first embodiment
and obtained results are summarized in Table 3.

TABLE 2

Appli- Physical properties of trans-
cation ) parent conductive substrate
of ITO Surface Light
Base o resist- trans- Haze
Base plate base Calcining ance mittance value Offset
board member board conditions (2/00) (%) (%) state
Seventh Soda- PET film Wire bar 550° C. for Calcined 30 81.6 4.0 Favor-
embodiment  lime treated O.lmm 30 mm. fiim able
glass  with in dia. N air
plate  primer 550° C. for Offset 28 82.0 2.4
10 min. fiim
In N»y
Eighth Low- PET film Wire bar 650° C. for Calcined 16 81.8 4.1 Favor-
embodiment  alkali  treated 0.1mm 30 min. film able
glass with 1n dia. n air
plate  primer 650° C. for Offset 18 82.3 2.5
10 min. film
m N
Ninth Low- PET film Wire bar 650° C. for Calcined 12 79.7 7.5 Favor-
embodiment  alkali  treated 0.15mm 30 min. film able
glass  with in dia. in atr
plate  primer 650° C. for Offset 10 80.6 2.8
10 mun. film
in N»
Comparison Scoda- PET film Wire bar 550° C. for Calcined 40 81.5 4.1 Offset
example 1 lime treated Glmm 30 min. film only
glass  with in dia. in air part-
plate  primer 350° C. for Offset Immeasur- Immeasur- Immeasur- (ially
10 min. film able able able (scar-
in N> cely
offset)
45 Tenth Embodiment

that described in the seventh embodiment, the film was
calcined in air at 650° C. for 30 minutes and successively
1n a nitrogen atmosphere at 650° for 10 minutes. A trans-
parent conductive substrate was obtained through the
same processes as those described in the seventh em-
bodiment. The results listed in Table 3 were obtained by
measuring light transmittance, a haze value and surface
resistance of the transparent conductive substrate with
the same measuring equipment as that used in the first
embodiment.

Ninth Embodiment

A low-alkali glass plate (1 mm thick) was adopted the
base board. Patterns of the ITO dispersion (DX-101)

50

35

were coated by using a wire bar having a diameter of 60

0.15 mm and dried at approximately 80° C. A transpar-
ent conductive substrate was obtained by treating the
glass plate through the same procedures as those de-
scribed 1n the eighth embodiment. By measuring light
transmittance, a haze value and surface resistance of the
transparent conductive substrate with the equipment
used in the first embodiment, the results listed in Table
3 were obtained.

65

Used in the tenth embodiment were a transparent
conductive ink which contained ultra-fine ITO particles
having a particle size of 0.03 um as a filler and a thermo-
setting resin as a binder (X-101 prepared by Tohoku
Chemical Industries Co., Ltd.). After applying the
transparent conductive ink over a polyimide film (Kap-

ton KA-300, 75 um thick, prepared by Toray Du Pont
Co., Ltd.) adopted as the base board by the screen print-
ing method until thickness of the ink layer became 3
pm, the layer was dried, and then calcined in air at 400°
C. for 30 minutes and in nitrogen at 400° C. for 25 min-
utes. Then, the overcoat liquid 3 containing the ultravi-
olet-setting resin (see Table 1) was coated over the
transparent conductive film by using a wire bar having
a diameter of 0.3 mm, and dried at room temperature for
5 minutes and at 50° C. for 10 minutes respectively. The
base board on which the transparent conductive film
and the overcoat layer were formed as described above
was bonded to a PET film selected as the base plate
member (100 um thick).

The bonding was carried out by overlapping the base
plate member with the base board so that the overcoat
layer 1s opposed to the base plate member and applying
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a linear pressure of 2 kgf/cm with a steel roller. The
assembly of the bonded base board and the base plate
member was irradiated with ultraviolet light emitted
from a metal halide lamp positioned on the side of the
base plate member. The ITO dispersion and the over-
coat liquid were set for 10 seconds at an intensity of 150
mW/cm?. After the setting, the assembly of the base
board and the base plate member was dipped for 10
minutes into a hydrazine hydrate heated to a tempera-
ture of approximately 40° C. for dissolving polyimide
used as the base board, washed with pure water and
dried so as to form a transparent conductive film and an
overcoat layer on the base plate member. The ultravio-
let irradiator was the same as that used in the first em-
bodiment.

Light transmittance, a haze value and surface resis-
tance of a fransparent conductive substrate thus ob-
tained were measured and are listed in Table 4. A mea-
surement of surface roughness of the transparent con-
ductive substrate indicated surface irregularities smaller
than 0.2 pm. The measuring instruments used for these
measurements were the same as those described in the
first embodiment.

Eleventh Embodiment

A transparent conductive substrate was manufac-
tured with the same materials, under the same condi-
tions and in the same procedures used for the tenth
embodiment, except for a step at which the ITO disper-
sion (DX-101) was coated over the base board by using
a wire bar having a diameter of 0.1 mm. Measurements
of light transmittance, a haze value and surface resis-
tance of the transparent conductive substrate with the
measuring equipment used for the first embodiment
indicated the results listed in Table 4.

Twelfth Embodiment

A transparent conductive substrate was manufac-
tured through the same materials, conditions and proce-
dures used for the eleventh embodiment, except for a
step at which the ITO dispersion was calcined in a
nitrogen atmosphere at 500° for 15 minutes. Measure-
ments of light transmittance, a haze value and surface
resistance of the transparent conductive substrate with
the same equipment used for the first embodiment pro-
vided the results summarized in Table 4.

Thirteenth Embodiment

A transparent conductive {ilm was printed, dried and
calcined on the base board in the procedures described
with reference to the tenth embodiment, whereafter an
overcoat liquid was coated over the base board, dried

and then set in air with ultraviolet light at an intensity of
150 mW/cm? emitted from a metal halide lamp. After
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bonded to the base board with the thermosetting bond-
ing agent 1 (see Table 1). For the bonding, the bonding
agent was coated over the base plate member by the
doctor blade method until a wet film became 50 um
thick, overlapping the base board with the base plate
member so that the overcoat layer was opposed to the
base plate member and applying a linear pressure of 2
kgf/cm. After heating the assembly of the bonded base
board and base plate member at 120° for 3 hours for
setting to the thermally set the bonding agent, a trans-
parent conductive substrate was manufactured by dis-
solving or removing the polyimide used as the base
board by the same method as that adopted for the tenth
embodiment. Measurements of light tramsmittance, a
haze value and surface resistance of the transparent
conductive substrate with the same equipment used for
the first embodiment indicated the results which are
listed in Table 4.

Fourteenth Embodiment

Used as the base board was a soda-lime glass plate (1
min thick) which was coated with a polyimide varnish
(PI-400 prepared by Ube Industries, Ltd.) by using a
wire bar having a diameter of 0.1 mm and dried at 200°
C. After forming a transparent conductive film on this
base board by the procedures adopted for the twelfth
embodiment, the base board was bonded to a base plate
member and then an overcoat layer was set. Since adhe-
sion between the glass plate used as the base board and
the polyimide layer was weak, the polyimide layer was
peeled off from the interface thereof and the base plate
member was dipped for 5 minutes in a mixture solution
containing hydrazine hydrate and ethylenediamine at a
ratio of 1:1 and kept at 40° C. for swelling the polyimide
and rubbed lightly with cloth. The polyimide layer was
removed completely in this way. Then, a transparent
conductive substrate was manufactured by washing the
base plate member with pure water and drying it. Light
transmittance, a haze value and surface resistance of the
transparent conductive substrate were measured with
the equipment used in the first embodiment and the
results listed in Table 4 were obtained.

Comparison Example 2

A transparent conductive substrate was manufac-
tured by printing patterns of the transparent conductive
ink (X-101) on a soda-lime glass plate selected as the
base plate member by the screen printing method so
that the patterns have thickness of 3 um, drying the
patterns, and calcining the patterns in air at 400° C. for
30 minutes and then in nitrogen gas atmosphere at 500°
C. for 25 minutes. Light transmittance, a haze value and
surface resistance of the transparent substrate were
measured with the equipment used for the first embodi-

the setting of the overcoat layer, a soda-lime glass plate 55 ment and the results listed in Table 4 were obtained.

selected as the base plate member (1 mm thick) was

Base plate
Base board member
Tenth Polyimide PET film
embodiment film treated
with primer
Eleventh Polyimide PET film
embodiment film treated

with primer

TABLE 4
Physical properties of trans- Coating
parent conductive substrate method for
Calcintng condi- Surface Light trans-
tions for trans- resist- trans- Haze parent
parent ance mittance value conductive
conductive film Yy m)y (%) (%) film
400° C. X 30 min., air 65 77.9 6.4 Screen
400° C. X 25 min., N» printing
method
400° C. X 30 min., air 146 82.5 2.8  Wire bar
400° C. X 25 min., Ny method,
¢0.1 mm
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TABLE 4-continued
Physical properties of trans- Coating
parent conductive substrate  method for
Calcining condi- Surface Light trans-
tions for trans- resist- trans- Haze parent
Base plate  parent ance mittance value conductive
Base board member conductive film (Q/0) (%) (%) film
Twelfth Polyimide PET film 500° C. X 15 min., N> 98 g1.9 2.6 Wire bar
embodiment film treated | method,
with primer $0.1 mm
Thirteenth Polyimide  Glass plate  400° C. X 30 min., air 72 78.1 6.1 Screen
emmbodiment  fiim 400° C. X 25 min., Ny printing
method
Fourteenth Glass PET film 300° C. X 15 min., N> %0 82.0 2.2  Wire bar
embodiment  plate coat-  treated method,
ed with with primer ¢0.1 mm
polyimide
Comparison Glass plate 400° C. X 30 min., air 53 77.9 11.9  Screen
example 2 400° C. X 25 min., N3 method
20 ferred as the fifteenth embodiment is illustrated in FIG.

Fifteenth Embodiment

The coating hiquid 1 containing ultra-fine ITO parti-
cles having a particle size of 0.03 um as a filler and
acrylic resin as a binder (see Table 1) was coated over a
polyimide film (Kapton 300KB, 75 pum thick prepared
by Toray Du Pont Co., Ltd.) and dried with far-infra-
red light so as to form a film of approximately 0.3 um
thick. This film was thermally treated in a nitrogen
atmosphere at 400° for 10 minutes for forming a coating
layer by carbonizing the acrylic resin. The ITO disper-
sion (DX-101) was coated over the coating layer with a
wire bar having a diameter of 0.075 mm and dried.

A transparent conductive layer thus obtained was
rolled under a hinear pressure of 100 kgf/cm by using
two steel rollers which were plated with hard chro-
mium and had a diameter of 150 mm. Then, a transpar-
ent conductive film was formed by heating the transpar-
ent conductive layer in air at 400° for 30 minutes and
then in a nitrogen atmosphere at 400° for 25 minutes.
This transparent conductive film was coated with the
overcoat liquid 3 (see Table 1) containing a ultraviolet-
setting resin by using a wire bar having a diameter of 0.3
mm, and dried at room temperature for 5 minutes and at
50° for 10 minutes. A base board on which the transpar-
ent conductive film and the overcoat layer were formed
as described above was bonded to a PET film (100 um
thick) selected as the base plate member.

The bonding was carried out under a linear pressure
of 2 kgf/cm by using a steel roller. After the bonding,
the PET film which was treated for use as the base plate
member was bonded by performing setting for 15 sec-
onds with ultraviolet light at an intensity of 150
mW/cm? emitted from a metal halide lamp, and the base
board was peeled off for offsetting the transparent con-
ductive ITO film to the base plate member, thereby
manufacturing a transparent conductive substrate. The
ultraviolet irradiator which was used for the first em-
bodiment was employed also for the fifteenth embodi-
ment.

Light transmittance, a haze value and surface resis-
tance of the transparent conductive substrate were mea-
sured as listed in Table 5. Further, a measurement of
surface roughness of this transparent conductive sub-
strate 1ndicated surface irregularities of 0.2 um or
smaller. Used for these measurements were the instru-
ments which were employed for the first embodiment.
Structure of the transparent conductive substrate pre-
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Sixteenth Embodiment

A transparent conductive substrate was manufac-
tured with the same materials, under the same condi-
tions and in the same procedures as those selected for
the fifteen embodiment, except for a step at which the
transparent conductive layer obtained in the fifteenth
embodiment was rolled under a linear pressure of 200
kgt/cm by using two steel rollers which were plated
with hard chromium and had a diameter of 150 mm.
The results listed in Table 5 were obtained by measur-
ing light transmittance, a haze value and surface resis-
tance of the transparent conductive substrate.

Seventeenth Embodiment

A transparent conductive substrate was manufac-
tured with the same materials, under the same condi-
tions and in the same procedures as those used for the
fifteenth embodiment, except for a step at which the
transparent conductive layer obtained in the fifteenth
embodiment was rolled under a linear pressure of 300
kgt/cm by using two steel rollers which were plated
with hard chromium and had a diameter of 150 mm.
The results summarized in Table 5 were obtained by
measuring light transmittance, a haze value and surface
resistance of the transparent conductive substrate with
the measuring equipment employed for the first em-
bodiment.

Ei1ghteenth Embodiment

A transparent conductive substrate was manufac-
tured with the same materials, under the same condi-
tions and in the same procedures as those selected for
the fifteenth embodiment, except for a step at which the
transparent conductive layer obtained in the fifteenth
embodiment was calcined in a nitrogen gas atmosphere
at 500° for 15 minutes, then in air at 400° C. for 30
minutes and successively in a nitrogen gas atmosphere
at 400° for 25 minutes. The results listed in Table 5 were
obtained by measuring light transmittance, a haze value
and surface resistance of the transparent conductive
substrate by using the measuring equipment adopted for
the first embodiment.

Nineteenth Embodiment

A transparent conductive substrate was manufac-
tured with the same materials, under the same condi-
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tions and in the same procedures as those selected for
the eighteenth embodiment, except for a step at which
the transparent conductive layer obtained in the fif-
teenth embodiment was rolled under a linear pressure of
200 kgf/cm by using two steel rollers which were
plated with hard chromium and had a diameter of 150
mm. Measurements of light transmittance, a haze value
and surface resistance of the transparent conductive
substrate with the same measuring equipment as that
employed for the first embodiment indicated the results

listed in Table 5.

Twentieth Embodiment

A transparent conductive substrate was manufac-
tured with the same materials, under the same condi-
tions and in the same procedures as those selected for
the eighteenth embodiment, except for a step at which
the transparent conductive layer obtained in the fif-
teenth embodiment was rolled under a linear pressure of
300 kgf/cm by using two steel rollers which were
plated with hard chromium and had a diameter of 150
mm. The results listed in Table 5 were obtained by
measuring light transmittance, a haze value and surface
resistance of the transparent conductive substrate with
the measuring equipment adopted for the first embodi-
ment.
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equipment used for the first embodiment indicated the
results summarized in Table 5.

Twenty-second Embodiment

A. transparent conductive substrate was manufac-
tured with the same materials, under the same condi-
tions and in the same procedures as those selected for
the fifteenth embodiment, except for a fact that the base
plate member was a soda-lime glass plate (1 mm thick)
which was coated with a silicon primer (Silicon Primer
AP-133 prepared by Nippon Unicar Co., L.td.) and
treated for drying. The results summarized in Table 5
were obtained by measuring light transmittance, a haze
value and surface resistance of the transparent conduc-
tive substrate with the measuring equipment adopted
for the first embodiment.

Comparison Example 3

A transparent conductive substrate was manufac-
tured with the same materials, under the same condi-
tions and in the same procedures as those selected for
the fifteenth embodiment, except for a fact that a coat-
ing layer was not formed on the base board. The results
obtained by measuring light transmittance, a haze value
and surface resistance of the transparent conductive
substrate with the measuring equipment adopted for the
first embodiment are listed in Table 5.

TABLE 5

Physical properties of transparent

Linear conductive substrate _
pressure for Light
rolling with Surface trans-
steel roller resistance mittance  Haze value
Calcining conditions (kgf/cm) (}/00) (%) (%) Remarks
Fifteenth 400° C. X 30 min., air 100 68 85.7 4.0
embodiment 400° C. X 25 min., Np
Sixteenth 400° C. X 30 min., air 200 52 84.6 4.6
embodiment 400° C. X 30 min., N>
Seventeenth 400° C. X 30 min., air 300 40 84.2 3.8
embodiment 400° C. X 30 min., N1
Eighteenth 500° C. X 15 min., N> 100 38 86.5 4.7
400° C. X 30 min., air
embodiment 400° C. X 25 min., N3
Nineteenth 300° C. X 15 min., Ny 200 36 86.3 4.0
embodiment 400° C, X 30 min., air
400° C. X 25 min., N»
Twentieth 500° C. X 15 min., Ny 300 34 85.4 44
embodiment 400° C. X 30 min., air
400° C. X 25 min., N> -
Twenty-first 400° C. X 30 min., air 100 69 85.2 4.1
embodiment 400° C. X 25 min., Ny
Twenty-second 400° C. X 30 min., air 100 65 86.6 3.5
embodiment 400° C. X 25 min., N»
Comparison 400° C. X 30 min., air 100 Immeasur- Immeasur- Immeasur- Not off-
example 3 400° C. X 25 min., N, able able able set part-
iaily
Twenty-first Embodiment 55

A transparent conductive substrate was manufac-

tured with the same materials, under the same condi-
tions and in the same procedures as those selected for
- the fifteenth embodiment, except for a step at which a
coating layer approximately 0.3 um thick was formed
by coating the coating liquid 2 (see Table 1) which
contained ultra-fine ITO particles having a particle size
of 0.03 pm as the filler and cyanoethyl cellulose as the
binder over a polyimide film selected as the base board
by using a wire bar having a diameter of 0.075 mm and
drying the coating liquid. Measurements of light trans-
mittance, a haze value and surface resistance of the
transparent conductive substrate with the measuring

60

65

Twenty-third Embodiment

On a soda-lime glass plate (60 mm long by 120 mm
wide by 3 mm thick) selected as the base board, a coat-
ing layer 0.4 um thick was formed by applying the
coating liquid 3 (see Table 1) containing ultra-fine ITO
particles having a particle size of 0.03 um as the filler
and cyanoresin as the binder and drying the coating
liquid with far-infrared light at 50° for S minutes. After
applying the ITO dispersion (DX-101) onto the coating
layer with a wire bar having a diameter of 0.075 mm, a
transparent conductive layer 2.0 um thick was formed
on the coating layer by drying the ITO dispersion with
heat of far-infrared light at 50° C. for 5 minutes.
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A transparent conductive film was formed by calcin-
ing the transparent conductive layer in air at 550° for 1
hour and then in nitrogen gas atmosphere at 550° for 15
minutes. After coating the transparent conductive film
with the overcoat liquid 4 (see Table 1) containing a
ultraviolet-setting resin by using a wire bar having a
diameter of 0.3 mm, a solvent was removed by drying
with heat of far-infrared light at 50° for 5 minutes. The
base board on which the coating layer and the transpar-
ent conductive film were formed as described above
was bonded to a base plate member which was a PET
film (100 pm thick) treated with a primer under a linear
pressure of 10 kgf/cm by using a steel roller.

After the bonding, the overcoat layer was set by
irradiating for 10 seconds with ultraviolet light at an
intensity of 150 mW/cm? emitted from a metal halide
lamp and the base board was peeled off for offsetting
the transparent conductive film to the base plate mem-
ber. A transparent conductive substrate was manufac-
tured in this way. The ultraviolet light irradiator used in
the twenty-third embodiment was the same as that
adopted for the first embodiment.

Light transmittance, a haze value and surface resis-
tance respectively of the transparent conductive sub-
strate thus obtained were measured. Obtained results
are summarized in Table 6. A measurement of surface
roughness of this transparent conductive substrate indi-
cated surface urregularities of 0.2 um or lower. In addi-
tion, used for these measurements were the same mea-
suring instruments as those employed for the first em-
bodiment. The thickness of the conductive layer was
measured by using a transmission electron micrograph
shown in FIG. 4. According to FIG. 4, it can be ob-
served that the coating layer is shrunk by calcination.

Twenty-fourth Embodiment

A transparent conductive substrate was manufac-
tured with the same materials, under the same condi-
tions and in the same procedures as those selected for
the twenty-third embodiment, except for the overcoat
liquid S (see Table 1) which is used for the twenty-
fourth embodiment. Measurements of light transmit-
tance, a haze value and surface resistance of the trans-
parent conductive substrate with the same equipment
adopted for the first embodiment indicated the results
which are listed in Table 6.

Twenty-fifth Embodiment

On a soda-lime glass plate (75 mm long by 75 mm
wide by 1 mm thick) selected as the base board, a coat-
ing film 0.4 pm thick was formed by applying the coat-
ing liquid 4 (see Table 1) containing ultra-fine ITO
particles having a particle size of 0.03 um as the filler
and acrylic resin as the binder, drying the coating liquid
with heat of far-infrared light at 50° C. for 5 minutes. A
coating layer was formed by thermally treating the
coating film in a nitrogen gas atmosphere at 400° C. for
10 minutes so as to carbonize the acrylic resin. The ITO
dispersion (DX-101) was applied over the coating layer
with a wire bar having a diameter of 0.075 mm and
dried. A transparent conductive substrate was manufac-
tured by selecting, at subsequent steps, the materials,
conditions and procedures which were the same as
those used in the twenty-third embodiment. Light trans-
mittance, a haze value and surface resistance of the
transparent conductive substrate were measured with
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the same equipment as that adopted for the first embodi-
ment, and obtained results are listed in Table 6.

Twenty-sixth Embodiment

On a low-alkali glass plate (75 mm long by 75 mm
wide by 1 mm thick) selected as the base board, a film
approximately 0.04 um thick was formed by applying
the coating liquid 5 (see Table 1) containing cyanoresin
with a wire bar having a diameter of 0.1 mm and drying
the coating liquid. Since the film was very thin, its
thickness was read from a graph which was prepared so
as to represent relationship between concentrations of
the resin contained in the coating liquid and film thick-
ness. A transparent conductive layer 2.0 um thick was
tormed by applying the ITO dispersion (DX-101) with
a wire bar having a diameter of 0.075 mm and drying
the dispersion. The transparent conductive layer was
heated 1n air at 650° C. for 30 minutes and then in nitro-
gen gas atmosphere at 650° C. for 10 minutes. A trans-
parent conductive substrate was manufactured by se-
lecting, at subsequent steps, the materials, conditions
and procedures which were the same as those adopted
for the twenty-third embodiment. Results listed in
Table 6 were obtained by measuring light transmit-
tance, a haze value and surface resistance of the trans-
parent conductive substrate with the measuring equip-
ment which was the same as that used in the first em-
bodiment.

Comparison Example 4

A transparent conductive substrate was manufac-
tured with the same materials, under the same condi-
tions and in the same procedures as those selected for
the twenty-third embodiment, except for a fact that a
coating layer was not formed on the base board. Light
transmittance, a haze value and surface resistance of the
transparent conductive substrate were measured with
the measuring equipment which was the same as that
used for the first embodiment, and the results summa-
rized in Table 6 were obtained.

Comparison Example 5

A transparent conductive substrate was manufac-
tured with the same materials, under the same condi-
tions and in the same procedures as those selected for
the twenty-fourth embodiment, except for a fact that a
coating layer was not formed on the base board. The
results listed in Table 6 were obtained by measuring
light transmittance, a haze value and surface resistance
of the transparent conductive substrate with the mea-
suring equipment which was the same as that adopted

for the first embodiment.

Comparison Example 6

On a low-alkali glass plate (75 mm long by 75 mm
wide by 1 mm thick) adopted as the base board, a film
0.4 um thick was formed by applying the coating liquid
6 (see Table 1) containing cyanoresin with a wire bar
having a diameter of 0.1 mm and drying the coating
liquid. A transparent conductive layer was formed by
applymng the ITO dispersion (DX-101) over the film
with a wire bar having a diameter of 0.075 mm and
drying the ITO dispersion. The transparent conductive
layer was peeled off completely from the base board
when the layer was calcined in air at 650° for 30 min-
utes.
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TABLE 6
Thick-
ness Physical properties of transparent
of conductive substrate
condu- Surface Specific Light
ctive resist- Tesist- trans- Haze
Coating Overcoat layer ance ance mittance value Offset Re-
layer layer {(m) Q/0) (l.cm) (%) (%) state marks
Twenty-third  Coating Overcoat 2.2 42 9.2 X 10—3  85.6 3.1 Favor-
embodimment liquid 3  Tiquid 4 able
Twenty-fourth  Coating Overcoat 2.2 38 8.4 X 10—3 856 2.8 Favor-
embodiment liqmd 3  liqmuud 5 able
Twenty-fifth Coating  Overcoat 2.1 45 9.5 X 10—3 85.8 2.9 Favor-
embodiment liquid 4 hiquid 4 | able
Twenty-sixth Coating Overcoat 2.0 30 6.0 X 103 85.7 3.0 Favor-
embodiment liquid 5  liquid 4 able
Comparison None Overcoat Not
example 4 liquid 4 offset
part-
ially
Comparison None Overcoat Not
example 5 hquid 5 offset
Comparison Coating ITO
example 6 liquid 6 film
peeled
off by
calci-
nation
an ultraviolet-setting resin and a thermosetting
resin; and
a visible light transparent electroconductive film
What is claimed is: 20 formed on said overcoat layer, including a material

1. A transparent electroconductive substrate com-

prising:

a visible light transmitting base plate member;

“a visible light transparent overcoat layer formed on

selected from the group comnsisting of one of an
ultraviolet-setting resin and a thermosetting resin,
and further including ultra-fine particles of indium-
tin oxide dispersed therein, said ultra-fine particles

sald base plate member, said layer including a mate-
rial selected from the group consisting of an ul-
traviolet-setting resin and a thermosetting resin;
and

visible light transparent electroconductive film
formed on said overcoat layer, including a material
selected from the group comnsisting of an ultravio-
let-setting resin and a thermosetting resin, and fur-
ther including ultra-fine particles of indium-tin
oxide dispersed therein, said ultra-fine particles
having a particle size of 0.1 pm or smaller, said
visible light transparent electroconductive film
exhibiting specific resistance between 6 X 10—3 and
5x10—2 Q.cm.

35

45

having a particle size of 0.1 um or smaller, said
vistble light transparent electroconductive film
having visible light transmittance of 70% or higher
and exhibiting surface resistance of 200 /01 or
lower.

3. A transparent electroconductive substrate accord-
ing to claim 1, wherein said visible light transparent
electroconductive film comprises a first layer and a
second layer, wherein said second layer 1s more densely
filled with said ultra-fine particles than said first layer,
said second layer being located between the first layer
and the overcoat layer.

4. A transparent electroconductive substrate accord-
ing to claim 2, wherein said visible light transparent

2. A transparent electroconductive substrate com-

prising:

a visible light transmitting base plate member;
a visible light transparent overcoat layer formed on

electroconductive film comprises a first layer and a

second layer, wherein said second layer is more densely
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filled with said ultra-fine particles than said first layer,
said second layer being located between the first layer

said base plate member, said overcoat layer includ-
ing a material selected from the group consisting of

35
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and the overcoat layer.
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